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REGULATION OF THE DEGREE OF DISPERSION OF LIQUID AEROSOLS OBTAINED BY

THE CONDENSATION METHOD

A. G. Amnelin an(! M. 1. Belyakov

licuid aerosois are obtained by two methods differing 'm princinle: mechanical pulverization of the liquid and
the condensation method. The great advAntage of the condenisAtion method for the production of liquid acrosols lies
in its cheapness and sImplicity. The explanation is that in the condensitor. method the subdivision of the liquid
takes place by using the energy of combustion of the fuel and is eficted without the use of cumbersome and complex

S compressrs which are generally sed in mechanical subdivision of liquida.

i 00 .The simplest method for the production of liquid aerosols by the condensation method consists of mixing the
vapors of the toxic a~gent, or of a rmixture of vapors of the toxic Agent and a solvent, with air. in thJ case the liquid
acr%7soi i- formed as the Atsult of the condensation of the vapor in the space on rmixing with the colder air.

T~he icquired droplet size in the aerbsd cloud varies In accordance with the nature of the obiect to be treated
[L) For example, in the treatment of closed premises it is desirable - se an aerosol cloud consisting of droplets
of the smallest possible size. Conversely, in the treatment of field crops the presence of small droplets in the aerosol
cloud is undesirable, as such droplets ame caried long distances by the wind And ame not utilized in practice. There-
fore, aerosol equipment should ensure the regulation of the legrce of dispersion of the aerosols produced within wide

molt limits. However, experience shows thatiIn the condensation metiod liquid aerosols axe usually obtuined with a very
high dcgree of dispersion~And lt~ this reason their field of appucation is limlited.

Candenuxion of vapors ini space and formationt of liquid droplets tAkes place in presnce of supersaturated va-
pe, whera the supersaturatIon eaclbea tbz sLrifica value or exceeds the critical valxm. This may be expressed by the
e qu io

and

(2)

where P and P* are the vapor pressure in the gus and the saturated !Apur pimsue. As the saturated vapor pressure Ps
ii a function of the ternperature. egmation (2) may be written.,

It follows from equation (3) that. in ordei to determiie the hupersaturation of the vapor whtich occurs and so to
establui the poss,. ility of sp.vce condshaion of the spot, it is aec*uazy t~o know the pessuurc of the vapors in the
g~iscous mixture and the terrsperan'uze of ihis iure. Thewi values dlepend on the quantitative ratio of the mixing
streai.as which may be expressed by the f(allowinig equtaaionm

P (n.(4)

(5)

where & and coare the Amounts of the first andJ seci.,sd gas. It follows froms equations (4-6) that superiatuat ion of

the vapors Is a"s a function of the quantitative ratio of the mixiqi strearm i.e., it depends on the coefficient n.

Tiir mixing 13l the vipors of tha liqusid with A1: in the pmdorsetion of liquid aerosols is usually effected in a

stream, an i therefore, in the prert work a study wits nude of tko rcgulatiou of the degree of dispersion of livuid

aierosols obt'sged in a free szrejan
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Fig. 1. Diagram of free stream (explanation In text).

The free stream is diagrammatically repesented in'Fig. 1. Ttr . vapor-gai mixtw.e t i te.-pe:aare T, a:'.,
vapor preisure P1 emerges with a velocity L under a certain exces .tessure from the let 1. which consist! of a
with an opening of radius R at the outlet At the result of contact with the air, te ve.locity of which is ii,, the trm-
perature T :, Lnd vapor pressure P5, some air is sucked ifpo the region of the it-tum nd mlxes with the ga4 zaeAM
emerging from the jet. The region of mixing of the gas is limited by two straight lines, f onnmig an angie of
, 14' with the axis oi the stream, these straight lines meet at the po!e 0 of the zztreama ard determ r'e the boundatrie
of the stre.arn [21.

,.e region o the st-eam which stirt- at the edge of the jet AC smd continue: up wo the izcon MN ,,hre i-itlk-
region of Lhe stream) contains a centma, core of constant flow rstes (ABC). Itn this core. th,: value3 for die Ca.ctexi-
tict of th origf-a' -as stream. -..., bas vi z,1ing from :he Jet, TI, P1, !, ievrnan uncrhAngeC.

if, for a certain rolnt m within the strea, we denote the ve Iclxy Componew in direction of the zxis of
the stream ov 14 and a the dkection of the. cros-section of the stream by v (Fig. 1). and if we nume that vhe oizin
of , :oordinates is at the pole of the stream, then the velocity of the stream along the X a&is wilt be aiwayS posi-
uve, and along the Y axis it will be ,positive near the axis of the stream and egar.tive near ihe boundary of the strem.
This explains the entry of the surounding gasous mixture into the itteim, and the mixing of the gasecus sirarnh.

It follows from the theory of free flow that in the main part of the team the flow rate, temperature, Vspox
pressure, and vapor supersaturation at any point in tie stream it determined by the Position of this egion. by the
cooadinates X and Y. Therefore, the values of these may be expesed by the equaa n&

u UOX. Y), 9

P - Pit(x, Y) (9)

where u, and i ate the flow rates, b and tare the stream tempeimatea. arid P, iind P are the vapc: pessu., a in the jet
and in the Cream.

In rb- production of liquid aerosols for combating agricuttraJ petts, surtAncr'ts ol high boiling point Are
generally used z_ solvents for the toxic agents. Thereform, w n these vapoit are nO-ei with air, hich has a teli-
tively low temperature, very high vapor supertaturation occurt in the field of flow.

Fig. 2 hows the values f t, P, . and S along the axis of the strean, calculate, io the mixing of al C*'Iltaln-
Jng glycerin vapor with atmospheric air in a free stream. It is seen fron these 4ata that the changet of _, P and
along the axis of the stream are similar in character; their values decrease with Increasing dJ4tance from the; tr si-
lional sect.ion of the stream. The vapor supersaturation Increases at irt, reaches a mtxlmum valU, aid then de-

creases.

Fig. 3 ihoiv. the values of t, P, u v, and S at the cross-sections L IL and III (Fig. 2). !t is seen from F :g
rhat rho -hangei in t, P, u and v alcng the axis of the streim% i.e., along the Y axis, are also inmlam lia cl tli.
in ai tie sections of the stream there is a tvailbim decteate in these values from the axis of the stream to tiun-
drixes. In all sections of t',e stream vapor superTUaRAtion pamed through a maximum, and in som wsctlons wo
maxima are found, The data for vapor sipetriratlon shown in Figs. 2 ad 8 are arbit&ery, as they wese obtained
without allowau~c for the -- udemstats of tho vap: in tie space. Th. chaps in tke velocity of the gas fow along

aS" _ll ["I -



twY axis in different sections of the stream have the sitme character The velocity of the gas flow commences at
zezc. , -r- ;sxis cf the stream, then decreases, and assumes a negative value at the boundaries of the stream. The

va~e i.,e of the velocity along the Y axis at the boundaries of the streamn explains the entry of atmospheric airQ into the vrez!r .which ensutes mnixing of the flows.

The rare of droplet formation I and the droplet
radius r! depend ! 3) on the vapor -persan!-stior and the
temperature:

rf S, t), (12

Thus, with the aid of equations (7412) it is possible
to determine the number and dimensions of Khe. drop lets
formed in the ream.

;50 rThe condensation of vapors .r the sp and droplet
.5- formation take place as the result of condensation of the

100' vapors at condensation centers which extis, in the gaseous

70 milxture or axespontaneously formed in it, In practical o

condition the gatilsus mixde in the an on, ofv

10 teirforatin i 10- 118;cons'quenrly, the formaton
5 of droplets of the liquid occurs mainly as the result of

condensation of ..he Vapors At condensation centers, which
Are of the nature of flucruational coagulations,

When vapors are mixed with a colder inert gas, the0 supersaturation which arises is unequal in the region of
Fig.2 Vaues ~ r~atue ~ apormixing (Figs. 2 and 3Y; in same re6 oils the highest or

sure (P) sand vapor supersiuuratllon (log S) along maimim supersaturation is set up, In reality this iuper-
roe xisof he srea; 1 thesosIrnm suerrtu- saturation is nor always attained, as contknsation of tlue

ratio of he seam.vapors ins the space and a decrease of supersaruratlon takes
place before that. Maximum supersaturation of vapor is
an important index of the process of new phase formation,

and nmyi be calculatcd 'or each concrete case, Qt depends on the nature of the liquid and also on the nature of the
mixing Streams11, iand doci nortldepend on the method of mixing [4].

In thzo production of liqoid aerosols in a oreami the maximum supersaturation always exceeds the critical v e
.11d it is kiways set up ssgSTt ih edge of the jet. This is seen from Fig. 2, where the curve for ihe maxium super-
SAlitaiion of vapor originalres t,' the jet and passes through all the regions of the stream. Hence the condens;ation of
VFApor ;; in space and tht, firnatlon of primary droplets commiences right by the edge of tie j-,,, Subsequent y,
vapor condensation takes oiai., -n The surfaces of these primary droplets in the region whic the supeyssatur'rced vapor
13 fotrrcd,

Wot.the procres is retarded because itn vapor condensation 1h'at is evolved, which raises .'le i rperaiure
of the Ldn,-?Lflts, anti this !nwcts the pressure difference which determines the vapor condensation rzte at the diopief

i oc-fore. et the cxistence of vapor condensation on the surfaces of the avatlable droplets, the Va3por
rrratrrasonremains Wsgs. and as a result vapor condensation in the space and forma*!on scf new primary droplets

oct ar sii~tfcui.Tiec2t o& rthe high rates of flow in the strep,rn turbulent coagulation is of great Significance ,

Thus, in the field of the stireamn, formation of primnary droplets and growth of previously foied droplets due
ro condensathion of VApril tem and wo coagulation. talcerpiace simultaneously, Therefore. the final drople-t si ze.
or the degree Df dssperson of the aerosol fornred. depends on the ratio of the velocity of formation of the primary

drorpeis and the rare of vapor condenstion on the suface of the existing droplets.

'Jz f ollowi that to 'I-,: !: --an diameter of the droplets in the aerosol formed . snecessar to w~t
up cfji.'!lons in the ATream whtcb CAaau' tr, condensation of the majoar portion of tle vapor on the surfaces of a anall,



Cnversel, for & ie:i-s of tlie mean size of the dropletsit is necesway to set up conditons which ensure the formA-

thmo f droplets , adiosrefo retepoyimyo e rpltfrainmn ed~raed as much as possible. JO
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Fig. 3, alues of S P, u. log S and v. in various sections of the stream; 1, 2, 3 ) 1, TL 11! sections (see Fig, 2).

The vapor pressure, temperature, and maximum vapor supersaturation in the field of the stream are practically
independent of the velocity of tor vapor-gas mixtr,e In the jet! they are determined by the Positiion Of the poiuli Wider
consideration, i.e., by the coordinates X and Y. However. the flow rate in the field of the gitreiin directly depends
on tle veocity of the vapor- gas mlvure in the jet, and therefore, 'he lower is the velocity of the vapor-gas mnixture
in the Jet, the lower Is the velocity in the field of the strearm, and this correspondingly Increases the time during
which the vapor-gas mixture remain& in tile region of supersAturated vapor. Hience it Itollows that the vapor super-
saturation will be decreased by vapor condensatioiL on the surfaces of the droplets forrmed ai the starr of the streamr
(;.e&r the jet', to an iricrea..!ng extent with decir.asing velocities of the vapor-gais mixture ir, 1te jet. The prc 01111y
of formation of new primary droplets will -orrespondingiy decrease.

Frount tihe above itfollows that re-tilation of the degree of dispersion of Liquid aerosols obtained by mixing vA-
pot; wtul atmospheric air In a stream may be rffected by variationl of the velocity of the vapor-gas mixture In the
let Thi nermrnir relatrve)-, -1 iphe e'glilation .f the degree of dispersion of aerosols itt wits, limits.

The timec durirng which the droplets remain In the supersaturated vapol 8ion Is deteirmined not only by the
vL:oCIty Of tie tvaf*r-gas mixture .n the Jet, but by the dimensions of the jet. This follows fromn the fact that the
iinesj dimensions ofthe region in whlch supersaturatedivspor is formed are determined by the coordinates X and Y
Qnd are in draect dependence on t jet diameter. Therefre. for A given velocitY Of the VAxPOZ-g21 m!Xture in the
jet, Lhe time during which rhe droplets remain in the supersnasirted vapor region depends on the jet diameter,

The &?n-r of the, laboratory investigations included the verification of then. basic views, Fig. 4 shows a diagrarv
of the Iabo,. 'Ory apparAtus.0

The thermo..A* 1 co'ntains, at a certain *heit froi the floosr, a coil evaporator 2, made out of giAss t.:ing 2t)
mm diAmetcr and having a total surface of 1101? cmn . To mainti~n the required temperature in the thermosat, ir

10



contains a contact thermomteter 2. xujtably ccnnecied to the eiect:1.zal heating system 4, which ensures regulation
of the temperature to an accuracy of + l'A fan, 5. Is stiidin1 termostat to level the temperature. Air from
the blower 6. after parig the low meter 7, enter$ the evaporator, where it becomes saturated with glycerin vapor, 01

land it then directed along the heated and insuilated tube R to the jet, the dimensions and construction of which ire
varied accordIng to the almsu of the experiment, The ten -eratuse if the gaseous mixture at the exit from the eva-
poratort ania at the jet is measured by means of the thervcouples 10.

94

Fig, 4. Diagram of the laboratory apparatus for the preparation nf liquid aerosols by the
condensation method (explanations in the text).

The liquid used was glycerin, which hat a high boiling point, Ad for which the necessary data fo; the sub-

sequent calculations (surface tension. viscosity, vapor pressure, etc.) are availaole in the literature. It was also
taken into aucount that glycerin was already used previously ior studying liquid aerosols in laboratory conditions (6].

Fig, 5. let witht metal tip (explar-stions in the text).

At the exit from the jet tne glycerin 'vapor mixes with the colder surrpounding air, vapor condensation takes

place in the 3pace, and an aerosol cloud Is formed, which is drawn into the conical pipe 11. attached to the wall of

the exhaust hood, 12. The conical pipe has a partition withsa round opening in the mnIit, by mear* of Which the

aerosol cloud, diluted with Air, goes toward the trap 14 for ramplng. Equal PA -ipling conditionu are ensured by the

fact that a constant reduced pressure, measured by the nmenometer 18, is maintained in the exhaust hood.

The depiele of dilsperslon In the aerosol cloud is determined by counting the number of droplets in a certai!n

volume of the cloud, and meastument of the diameter of these droplets. This meti - is very iaboricua. but it an-

sures reliable results.

For taking a sample of the Aerosol cloud. a metal trap is used. in which two microscope slides are fIxed, After
a sample of the gas is taken, the trap it allowed to remain for 1 hour to allow the droplets to elik on the shdes. a4~
the slides are then examined under the microscope.

The jet used in the laboratory experiments *as the 'man funnel chamber 1 with a diameter of 50 mm and length

50 Mmi (Fig. 6). The insert 2 with openings of 2.8, 7.5, A, an 30 mmi for the passage of the vapor -gas mixture.

was placed inside the chamberl without the Lmsrts te opening (af he chamber Itself) was 50 mm. in expeimetLS0 with 30 and 60 mm let openings thec meta discs 6 of 20 aid 30 mm ltitmetex were insted ini the jet, to distribute

the vApor-gsa mixture over the entire section of ttL Jet.



The conditions for the laboratory experiments wereP the foilowing:

Temperature of the vapor-ga% mixture ai entry into te lei ........

Temperature of the surrpounding air... .. .. .. .. .. .. .. .. . ............

Volume of air entering the evaporator...... ..... . . ..... .. .. .. . . . . 6 rn Q
Amount of evaporated gqcefln .. .. ...... ... ... .. ... ... ... .... 0.328 lkg/hour

The results of the experiments are shwon in 'he Table and in Fig. 6. it is seen from these results Chat the m-ean

diameter of the droplet$ Increases with decrease of thse velocity of the vapor-gas mixture Ir. ut itt. Th,. is .fuli
agrerement with the above views that with decreased velocity of the v'apor-gas mixture in (he jet, the rime during
wh~ch the droplets remain in the supe rsatu, rated vapor zone increases, and the amount of vapor condensed on the drop-
It, surfaces becomes greater, which ultimately leads to an increase of the mean droplet diameter.

100 1

50

4 8 Le0 O

Fig. 6. Differential cu.- s for drov)et distilbution In Fig, 7. Values of 1) temperaturc t. 2) vapor prcssurc P;

the bauic experiments. with it! J11meters: 1) 1.5;, 3) viapor supersutuiAtion S; 4) mean dioplel U4 inicr0
2) 7.5; 3) 15; 4) 30 mniii the field of the streamn at various distAncei ifrom thre leTI. 4

'I V experimental results obtained convincingly conifirm the truch ., the theorec~Al vlce g put torw.Q. Atlove,
.nd show that the degree of d,-oersion of liquid aerosols obtAlned by the condensation mnethod may be '#AT:tcJ whr

fairly wide, Irmitq.

The experimental data arz in good Agreemyent w~th C calculated results, Thle &vdeve rrT of c~.

methods for the degree of dispersioni of liquid ac-otols obtAinred in a streprsi is of great practical imotne we,

theefredi agreat deal of work< In order to obtain z sufficiently con'.enrlent CAlcuIVatl whd

This C41culazIOn iS based on tht theory of mist fornAtico soid :he theorv o' i frec stream, The ;. io

the aldatnis t1hAl the 'Ield of the tree suram is I -)ea up into several arbitrar ' reg~ons, ain ' '.a %A r of u,
T. P, S, i and r is determined for each, The mneiin stises of these are taken over Ot whole( icr,:on, ioge ,e r W itt:
a calculation ef the numbert of the droplets formed and of their dimensons. the arnourts of vapolr 11,neuQ thire

droplets and Lte -ctagulation of these dxopi~ Is coniidered. The result-s obrauied lor each region Are thdi uscd to
obtain mneAn values for the whole feld of the free streasm.

A fii> calculation was made fo. the experment with a jet disameter of 2.!S mmn. The fcIJ< of the i:.Ce

iii which he vapor condenisation pt-ceas begins and ends, was broken up Into .11 regions, ard &I t- vilucs were de

1rrmins1d for each re Aion..

Hg. 7 shows the e~Ca'AtiOn :suliS The abufsciss axis ihow's the distance of tric re -;on Irvin : ec ot :te
jet, altid the ordinate axis gives the vAlues of t, P, s , and mean droplet 4ilanietet, Iti s seena fto-n T he Igie t az* wi:::

increa-ing distance from the edge of !the ie the values of tand P graduAlly decrease. The mecan Lla'ietrr of !:w
drpesat the end of the procers 1, .ii u. From the e\periment.&I data this value is 1.6 ~.The ;; reemenli fan>.

The highe; valuse of the mein droplet diameteri. obtained by calculation is exptlained by' t:e fic; tuit z' nc. Q
VApor supersaturastlon io Pacti region Is Assu-d in thie calculat'-n. In fact, the vapor sucrtaturar~on viar~et Colruteta-
bly over the crois-secus n and die rate of faematlon of tioplets ~n the regtom varies correspordin-gA.v uhi.~.t

AlcuLIALIxs gave a smaller number of dsvpiets, and conisequently Lhe meas diameter obtauted was gireater.



Dc,: a of s~sof G:Yceriri Aern-Ao' Relatin to mec J.-

U; J Number of drooiets, In A.hva 'w diamneter, in Mean dioPlet diameter,
1-2 24 4-8 8 - F 7 72

~84 23 , I 503 2.85
19 .3 34.5 7'3 1 9 . 3 .5

514.1 '04 1b'.1 '26,1 1 0, 0 0.41 9.99

S U M M AR Y

;. The irflcce of variojuj factors on the egrve of dispersion of liquid aerosols obtained by the condensation
i-nttnod In a free itreani has been estabished.

2. Te posIbiity of reguiauon of tme mnean &oupAe, diameter by waniatcn of the rare of .- ixing of tne gas
stieam-s has been confirmed.

3. PrIncip~es are put forward for calculadon of cte degrre of dispersion --f 1.iii, ,usu obtaied by the cun-
Le 7sAtlO'n method in & free strram, arnd calculation results are given for the mxing of giycertn vapcr with stmospheric

T:he Ya. V. Sanioi'ov Scientiftic institutr for Received M-ay 11, 1 954
Fertlizers and irivectofungicides, Mosicow

LITFRATU PE CITED

1. . G, Amrnn Prcx'. Lrr-n Acad. Ai?,. Sd.1 USSR. No. 8, 14 2l9z51 .

GC; N. Abrarnovich. Turbulent Free StmreAms Statec EnerN res Mco-Letnrd(0

ki1. Voiimrr K!.ietk der P' Ajenblld.=S. Dresden anA Lxiprlg. 1 93'

-<A. V. Alejiln. Theoreuil Rai of MW~ Formation in Chemical ULoimt~ Statr CvrnmicA! Pteu. Moscow.-

Lex ,ad *~ )

k GC. Bykv ariJ E, N. Teem .kJ Lxp. Tteoret. Phva ., !9, No , 28 (1Q4@,.


